Introduction
One of the most significant current discussions in occupational health is the exposure to chemical agents in the outdoor environment. Polycyclic Aromatic Hydrocarbons (PAHs) are a group of organic compounds, which are found in the crude oil, mineral oil, and coal tar. These compounds are also produced during the incomplete combustion of fossil fuels and petroleum products (1, 2) . PAHs can be emitted into the air from several industrial processes including aluminum electrolysis, foundries, and petroleum refineries (3) . The other PAHs emission source is traffic emissions (4) . PAHs exposure is the cause of many human cancers such as bladder, lung, and skin cancers (5) .
International Agency for Research on Cancer (IARC) has classified some of them in different categories such as benzo [a] pyrene in group 1 'known human carcinogens' and dibenzo-[a,h]anthracene in group 2A 'probably carcinogenic to humans'. These compounds are considered as genotoxic and mutagenic and may have an effect on human immune system. PAHs have been identified as persistent organic pollutants since they are not readily biodegradable (6) (7) (8) . Emission of PAHs from vehicle exhaust is not the only source of exposure to these compounds in the urban atmosphere. Other sources of exposure include tire wear, asphalt particles, stationary combustion sources, furnace, power generation units, and petroleum refineries. Cigarette smoking increases PAHs concentrations in indoor environment (9, 10) . The PAHs are present in the gaseous and particulate phases in the atmosphere. Low molecular weight compounds such as phenanthrene and anthracene are often present in the gas phase. Four ring PAHs such as fluoranthene, pyrene, and chrysene are distributed between the gas and particulate phases. Five and six rings PAHs including benzo[a]pyrene, benzo[a]anthracene, and dibenzoanthracene are present in the particulate phase in the atmosphere (4) . The distributions of these compounds in the gas and particle phases depend on vapor pressure, air temperature, concentration and the amount of adsorbed PAHs on suspended particles (11, 12) . Previous studies have reported increases in the PAHs concentration in indoor air and outdoor atmosphere (11, 13) . The effect of the seasonal variations on PAHs concentration in outdoor atmosphere has been presented in many research projects (13) . Moreover, the concentration of PAHs in winter is higher than that in summer and the existence of combustion source can induce an increase in the concentration of PAHs in indoor air (14) . Benzo[a]pyrene was selected as an indicator for the classification of PAH compounds. A good correlation has been observed between the benzo[a]pyrene and other PAHs (15) . However, little attention has been paid to assess personal exposure to PAHs found in urban atmosphere in workers occupationally exposed to these compounds (e.g., traffic police) or in a general population. Most studies have examined specific biomarkers as an indicator of exposure to PAHs in workers occupationally exposed to these compounds such as police officers, drivers, and newsagents but the existing research fail to provide accurate estimates from the breathing zone concentrations of PAHs (16) . Newsagents usually work close to heavy traffic flow and many hours a week. It is thought that this group of workers is the best representative of non-driver employees exposed to PAHs found in the urban air pollution. The mean exposure level of benzo [a] (17) . Despite the considerable amount of PAHs found in the urban atmosphere, little attention has been paid to measure the personal exposure of newsagents to PAHs. The purpose of this study was to assess the breathing zone exposure of newsagents to PAHs found in the urban atmosphere of Tehran city during summer and autumn seasons and comparing the levels of exposure in both seasons. (9, 19) .
Materials and Methods

Study participants
Personal sampling
For the estimation of the effect of seasonal variations on PAHs concentrations, newsagent ' s breathing zone exposure was evaluated during summer and autumn seasons. A total of 90 breathing zone samples were collected during both seasons (July-August and NovemberDecember 2013). Personal breathing zone samples were measured by calibrated personal sampling pump (SKC Inc, USA) using NIOSH method 5515 (20) . For time weighted average sampling, particle and gas phases PAHs were collected on polytetrafluoroethylene (PTFE) filter (37 mm diameter, 2.0 μm pore size) and XAD-2 adsorbent at a flow rate of 2 liters per minute. After sampling, filter was removed with forceps, placed in the plate, and wrapped in aluminum foil to protect from exposure to ultraviolet radiation. Following this, XAD-2 adsorbent was wrapped in aluminum foil. On completion of sampling, the samples were stored at 4°C and transferred to the analysis laboratory. PAHs were extracted from the filters and XAD-2 adsorbent with methylene chloride using an ultrasonic bath for 30 minutes at room temperature. Stock solutions of PAHs (SigmaAldrich Co, UK) in acetonitrile were used to prepare the standard curves (21). Gas chromatography-mass spectrometry (GC/MS) (Agilent Technologies 6890 (Palo Alto, CA, USA)) was used to determine PAHs concentration in newsagents' breathing zone samples (22) . The initial temperature of the column was set at 70°C for a minute and then raised at a rate of 10 °C up to 300 °C. The retention time of the PAHs in the column was 30 minutes. The injector temperature was set at 290°C. The helium carrier gas flow rate was 1 ml/min. A 1 µl volume of samples was injected into the gas chromatography column. The area under each peak in the chromatogram was considered as the proportion of individual concentrations of PAHs in the samples. Concentration of standard PAHs solution was 1 ppm. Concentrations of PAHs in newsagent's breathing zone were calculated using Eq. [1] .
Where C is the concentrations of PAHs, W (µg), W f , and W b are the amount of analyte present in PTFE filter, in front sorbent, and in back sorbent, respectively. B, B f , and B b are the amount of analyte present in blank filter, in front sorbent, and in back sorbent, respectively. V is the volume of sampled air (L). Retention time of individual PAHs, the limit of quantification (LOQ) and limit of detection (LOD) were considered in the study and determined using blank determination method with 10 blank samples (18, 23) . The intra assay and inter assay coefficient of variation (CV) were used to determine the internal validation of methods of analysis and repeatability of experiments. For this purpose, three independent experiments in different three days were performed in the laboratory with the same GC/MS technician, materials, and equipment. Correlation coefficient was used to measure the linear association between the concentration of PAHs and area under the peak according to calibration curves. Indoor air parameters such as air velocity, air temperature, and relative humidity were examined during the sampling period in each kiosk (24) . Comparisons of PAHs concentration between the two seasons were made using Mann-Whitney test with SPSS 22.
Results
The average of the relative humidity during summer (Sum) and autumn (Aut) of 2013 was approximately 40%. Table 1 shows the results obtained from the investigation of indoor air parameters. (25) . The effects of air velocity inside the kiosks on worker's exposures were negligible. Table 2 illustrates the results of the retention time of individual PAHs in the column, regression equations and correlation coefficient, the limit of quantification (LOQ), and limit of detection (LOD Table 3 shows the precision coefficient of variation for each PAH. 
Discussion
This study set out with the aim of assessing the breathing zone exposure of newsagents to PAHs found in the urban atmosphere of Tehran City during summer and autumn seasons. Ambient and indoor air exposure to air pollutants is the leading routes of human exposure to contaminants. The most important risk factors for the burden of disease imposed on society according to the World Health Organization (WHO) were exposure to indoor air pollution from solid fuels and urban air pollutions (13) . Considering that city bus and taxi drivers have high exposure to PAHs, newsagents are thought to have high levels of exposure to these compounds (16) . They work many hours a week (12 hours per day) and close to heavy traffic flow and some research studies reported high levels of PAHs exposure in this occupation category (16, 18) . Seasonal variations and traffic related urban air pollution play important roles for exposure to PAHs (13, 16) . The current study found that benzo (26) and American Conference of Governmental Industrial Hygienists (ACGIH) has not determined occupational exposure limit for this compound but has recommended exposure to benzo [a] anthracene through all routes of exposure should be minimized (27) . The results of this study indicated that newsagents had significant exposure to benzo [a] anthracene found in the urban atmosphere during summer and autumn seasons (P= 0.001). It seems possible that the differences in air pollution concentrations in different areas of city were due to differences in the volume of traffic, the total population of people in each studied area, the dominant wind direction, and the distance between newsstands and industries (16, 28) . The results showed that the workers of the newsstands in the south area were experiencing higher levels of exposures to chrysene, dibenzo (29) . In their study, the highest concentrations of carcinogenic PAHs were reported in the west area of Tehran, which was lower than the values measured in the present study. The annual average daily exposure of nonsmoking newsagents to benzo[a]pyrene in Genoa was 0.82± 0.33 ng/m 3 (16) . Their results also suggested that the level of newsagent ' s breathing zone exposure to PAHs in the warm period was 35% lower than that in the cold period (16) . The concentration values of benzo[a]pyrene found in this study were higher than those found in Piccardo et al. study (16) . The importance of exposure to urban pollutants was observed in another study (18 (18) . This rather contradictory result may be due to differences in the sampling (both gas and particulate phases sampling in the current study against only gas phase sampling in other studies), higher traffic flows in Tehran, and difference in the fuel quality and type used in vehicles. In confirmation of previous work (9, 13, 16, 18) , the results showed that newsagent ' s breathing zone exposures to PAHs during the cold period were two to three fold higher than those during the warm period. These results might be related to the impacts of inversion phenomenon, the reduction of the reaction of PAHs and increases in use of fossil fuels during the cold period, and other factors, such as wind direction, temperature, atmospheric stability, aerosol concentrations, and increase the release of free radicals in the cold seasons (9, 13, and 18). Smoking in indoor environments with poor or insufficient ventilation such as newsstands can increase the risk of PAHs exposure (16) . The findings of a number of studies have shown that the occupational or work related exposure to PAHs in some occupations such as professional drivers might increase the risk of cancer among them (9) . Although the level of breathing zone exposure of newsagents to PAHs in the study was significant, the levels of exposure in all sampling stations were below the OSHA and National Institute for Occupational Safety and Health (NIOSH)'s recommended exposure limits (30) .
Conclusion
This paper has investigated the levels of newsagent ' s breathing zone exposure to PAHs found in the urban atmosphere of Tehran city during summer and autumn seasons. The most obvious finding to emerge from this study is that newsagents work close to heavy traffic flow and had significant exposure to PAHs. Benzo [a] anthracene had the highest concentration among all PAHs during summer and autumn seasons. The workers of the newsstands in the south area of Tehran city were experiencing higher levels of exposures to PAHs. The second major finding was that newsagents' breathing zone exposures to PAHs during the cold period were two to three fold higher than those during the warm period were.
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